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explained later. Normally, the deep feeding groove is not segmentejj^r^ shown in Figure 2 for 
manufacturing reasons. 

/ 

Preferably, seal face patterns shown in Figure 1 or 2^f^bn the face of stator ring 200. But they can be a 
combination of the imprints oh rotor and stator fap^ 200,201 . For example, the feeding groove 1 04 and 
hole 105 can be on the stator ring 100 whiie^rtfgroove 101,106 and dam sections 102,107 are on rotor 
ring 201. In such case, the two hydrodypamic sections (groove section) 101,106 can extend and meet at 
the center. Please note that the nupatfer of pairs of groove and land can be different for inner and outer 
seal sections 109,110 in the npj^segmented design. However for ease of plotting, same numbers of 
groove-land pairs are usejj^fiall the figures in this disclosure. In addition, the pumping grooves 101,106 
are normally^OO-QOOpmcro inches in depth; they are shown exaggerated in some plots to better 
demonstrate the sea :onfigurations. 



Outer Section 




Restricted Feeding 
hole/105 



/ 



Figure 1. Typical seal face layout for segmented ; feeding grooves 

/ / /" / 

As mentioned before v a very interesting implementation of* the abotfe described idea isjo.put divert 
grooves 101/106 on-the rotor sealing-face 203 but have'feeding h&les and deep feeding groove on the 
stator sealing face'202. TJpTis is qujte natura/if the rotor is made of hard material/fhe deep feeding groove 
can be rou^'d 131 or rectangula^r32 at thtf bottorTj/Alternative}y, we can put/eeding hole 105 and deep 
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feeding holes 105 are aligned in an c^le'Witlpfte rotatingax»s^gS?ist the^ot^fionar directiop^^rrthisway, 
the rotation effect makes thejeeding more erective^Jjae^nfigw^^ ip^igi^er^But for high^"*"" 

speed rotor, the feedingjaoie 105 may create stjpetis stress concentration. Therefore the first 
arrangement is preferred. * 
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Feed groove/ 
1 04 
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— Rgarer3r Piveft-dQuble-gf Gove. seaL 



For the convenience of demonstration, in ali the figures shown hereafter, we assume all the -features are 
put on the stator ring 100. 



Figure 4 shows a cut side view of the stator. The stator ring^tOO is mounted to a stakeholder 121 
supported by a bump 123 on tfre back. The bump is alscnzalied back seat 123. Ityffain function is 
provide additional closing force and serves as a suppo0 / point for the stator ririo/100 to rock on. Retracting^ 
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Key elements of the invention: 

A unique feature of the new face seal is that it pump^fluid from inside to edges. This allows the se^Wtf 
work at tough conditions of severe face deflecticjpr<Since the fluid enters from the center, face curling will 
never cut off fluid from getting into the seaKatJe. The groove profiles^fcfesigned to have desirable 
pumping effects and film stiffness. Evep^flough we still caii it dou£t€^spiral groove seaUfie groove shape 
does not necessarily have to be a spiral. As a matter of fact^thtTspiral curves are u^dally approximated by . 
circular arcs for the ease of maptrfacture. Furthermore, tjais invention suggests use of groove profile 
curving forward 119 instead ofconventional curvingj^ckward in cases that stronger pumping effects are 
needed. The alternative groove profiles are showp^below. 1 

I 





-Figure-5r~An-alternative groove profile 

In order to make the stator rinj/100 adaptive to^otor face 201, the stator ring is designed to be flexible in 
terms of coning deflection. Therefore the thickness of the stator ring.-i's chosen to be,as small as the^ 
manufacturing process cayallow maintaining/flatness of the seal face. The flexibility of the stator /(ng 
combined with the restoration capability- oHife seal face makes .trie seal highly adaptive to the roior ring 
face 201 . The mechanism is explained irythe following. / / 
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Before^ go on to discuss the stator responses to rotor defje£liwrterT^ the sign of coning 
depiction first. Following the face seal conventiooJ£4he^ 128 from outer 



diameter 129 to inner diar 



fine the coniao- as^eattVeTTfthe coning by either stator or rotor 



causes a convergerrfseal gap 128.between"the stator and rotor sealing faces 200,201, the coning is 
defined as positive. 



figure 6 shows a typical pressure distribution 150 on the sea! face at a design operation condition. The 
/rotor sealing face 201 and the stator sealing face 200 are in a parallel orientation Thp tnt ^i fnrr nn i^h — 
/from the outer seal section, feeding groove and innrr "rrtinn, nnrl thrii i i|iHV, iirnr nrrinrj pn-.ition-, are 
^fes^fated-withj/gctof^ stator ring expenences^a net moment of zero. 

— -^rr^ $ 
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Flo/v directions 
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When the rotor face 201/deflections causer negative cQnihg, the outer seal^sectfon 110 is workipa in a 
convergent film (refer^o the, flow direction 131). Tjjatlriakes^ne groove^1'06 wofk more effeefive/y to 
create higher pressure injlie hydrodynamic section. Therefore, the^eruter seal/ection 13dgendrates rriore 
positive moment to/open up the clearance at'outer diameter 13(VMeanwhiie^the iijp^r seal secHierrf09 is 
working at a diveFgenf film. That recjuce^fne hydrodynahniceffects of the g^ooye^'lOI. Less pressure, 
and therefore tes^/negative momenfTTs generated by th&-tf1ner seal section^Ttfe. The net increase of 
positive monrwfi causes the stator ring 100 to cone positively and form a uniform film thickness as shown 
in Figure 7. 




Rigure-7-Negative-eontn^f^tQ^r.omgts^iatoi_rinq to cone po sitively 



Inventor's Signature / /7 ^ Date s H A .... 


Inventor's Signature " ~\ Date 


Inventor's Signature * / Date / 

/ / / / 


Inventor's. Signature > X Date 

/ / / I 


/ / EXPLAINED TO, RE"AD, AND/UNDERSTQOD^BY: / 


Witness' Signature Ls^~) / /Date ; - 


Witness' Signature f A /Date 



INVENTION DISCLOSU 



Elmer* 

sooncm. 



# 



PerkinElmer, Inc. 
45 William Street 
Wellesley, MA 02181-4078 
Title: Retractable adaptive divept^roove film-riding face seal 

Inventor(s): Xiaoqing Zheng" 



Docket 
SeaWS?US 




9 of 11 



When the rotor face 201 deflections cause positive coning effect, the outer>€eal section 110 is working in a> 
divergent film. That makes the groove 106 work ie^s effectively to createriigh-pressure zpre in the 
hydrodynarnic section. Therefore, the outer selection 110 generates less positive ^rtSment. Meanytffile, 
the inner seal section 109 is working at a coptfergent film. That incp^ases the hydf*rfjynamic effept^of the 
grooves 101. Larger pressure, and therefore larger negative mpment, is genepafed by the innefseal 
section 109 to open up the clearanc^afinner diameter 129^Tne net increase of negatiyetfoment causes 
the stator ring 100 to cone negativeiy and form a uniform film thickness aSshown in Figdre 8. 



iXJi 




> • 




y 


rA 


a 


Pressure 


0 


profile 






: n a 




o 




Mi 







InventoYs Signature 



Inventor's Signature 



EXPLAINED TO, REjAD, AND UfJDERsf OQtf BY 




Witness' Signature 



Date 



■ ■ ' ■ ■ t* 



i - J 

Lij 



( 5 



Elmer* 

PerkinElmer, Ircc 
45 William Street 
Wellesley, MA 02181-4078 
Title: Retractable adaptive 

Inventor(s): Xiaoqing Zj 

prevent seal faces from touching and rubJ>tfT^during engine start-up andsbtff^own. A typicalaiaf&r is 
shown below. Please note that the tpp*^oes not necessarily correspprr^to outer diameter^3tfjt rather 
corresponds to wherever the system pressure is. 
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